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Basic	Principles	of	Algebra	

	

Algebra	is	the	part	of	mathematics	dealing	with	discovering	unknown	numbers	in	an	equation.	
It	involves	the	use	of	different	types	of	numbers:	natural	(1,	2,	100,	763	etc.),	integer	(	-35,	-2,	0,	
7,	etc.),	fractional	(1/2,	3/10,	4.5,	1.7	etc.)	and	irrational	 2,	2.(3),	π,	etc.).	

	

EQUATIONS	

An	equation	is	a	mathematical	formula	in	which	we	equalize	data	in	order	to	discover	a	variable	
–	a	piece	of	information	that	we	need.	When	solving	an	equation,	we	need	to	pay	attention	to	
the	different	operations	we	deal	with:	second	degree	operations		(multiplication	and	division)	
are	 stronger	 binding	 than	 the	 first	 degree	 ones	 (addition	 and	 subtraction).	 Third	 degree	
operations	(powers	and	roots)	are	even	stronger.	This	means	that	we	cannot	take	a	factor	from	
a	multiplication	and	use	it	as	a	term	in	an	addition.	

Example:	

	In	3	*	4	+	5	we	cannot	solve	the	addition	(4	+	5)	first.	Because	multiplication	is	a	second	degree	
operation,	4	is	more	bound	to	3,	they	cannot	be	separated.	So	we	must	solve	the	multiplication	
first,	and	then	the	addition,	in	order	to	obtain	a	correct	result.	

INCORRECT:		3	*	4	+	5	=	3	*	9	=	27	

CORRECT:		3	*	4	+	5	=	12	+	5	=	17	

The	only	situation	in	which	we	can	solve	a	lower	degree	operation	first	is	when	that	operation	
stands	between	brackets.	

Example:	

3	*	(4	+	5)	=	3	*	9	=	27	
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If	 there	 are	 parentheses	 in	 an	 equation,	 and	 the	 variable	 is	 inside	 the	 parentheses,	 it	 is	
important	 to	 remove	 them	before	 proceeding	with	 the	 calculations.	We	 generally	 do	 this	 by	
distributing	the	factors	outside	the	parentheses	to	the	terms	inside	them.	

Example:	

2	*	(4	*	x	+	8	)	=	84	–	x		becomes	

2	*	4	*	x	+	2	*	8	=	84	–	x		

So	the	“2	*”	at	the	start	of	the	equation	has	been	distributed	to	multiply	the	“4	*	x”	and	the	“8”	

If	you	showed	it	with	colours	it	would	look	like	this:	

2	*	(4	*	x	+	8	)	=	84	–	x		becomes	

2	*	4	*	x	+	2	*	8	=	84	–	x		

	

In	 equations	 that	 have	 a	 single	 variable,	 it	 is	 important	 to	 bring	 all	 the	 terms	 containing	 the	
variable	to	one	side	of	the	equation,	and	keep	simple	numbers	on	the	other	side.	Remember	
that	when	terms	move	from	one	side	to	the	other,	they	change	the	sign	(	–	becomes	+,	and	the	
other	way	around).	

Example:		

2	*	4	*	x	+	6	*	8	=	84	–	x		

2	*	4	*	x	+	x	=	84	–	6	*	8		

Now	that	we	have	all	X’s	together,	calculations	are	much	easier	to	do.	

	

	 	

Remember:	

Step	1:	Remove	all	parentheses	through	distribution.	

Step	 2:	 Bring	 all	 terms	 that	 contain	 variables	 to	 one	
side.	

Step	 3:	 Do	 the	 calculations:	 first,	 multiplications	 and	
divisions;	 then,	 additions	 and	 subtractions,	 as	 they	
appear	in	the	equation.	
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SYSTEMS	OF	EQUATIONS	

When	 there	are	 two	variables	–	 i.e.,	 two	numbers	we	need	 to	discover	–	we	will	 necessarily	
have	 two	equations	 (we	cannot	determine	 two	variables	 from	a	 single	piece	of	 information).	
The	two	equations	will	form	a	system.	Systems	of	equations	can	be	solved	in	two	ways.	

1.	Substitution	

With	this	method,	we	replace	one	variable	with	an	operation	that	contains	the	other	variable,	
so	that	in	the	end	we	will	have	a	single	equation	with	a	single	variable.	

Example:	

a	+	b	=	10	

2	*	a	+	b	=	16	

Looking	at	the	first	equation,	we	can	say	that	

b	=	10	–	a	

We	use	this	relation	in	the	second	equation,	and	replace	b:	

2	*	a	+	10	–	a	=	16		

Now	we	can	solve	this	equation	following	the	steps	explained	above.	You	can	see	how	it	works	
below	in	full:	

Because	we	have	no	parentheses,	we	can	skip	directly	to	moving	all	variables	to	one	side	and	all	
simple	numbers	to	the	other	side,	then	do	the	calculations:	

2	*	a	–	a	=	16	–	10	

a	=	6	

Now	that	we	know	a,	we	can	determine	b,	too.	

b	=	10	–	a	

b	=	10	–	6	

b	=	4	
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2.	Reduction	

If	 the	equations	 allow	 it,	we	 can	 simply	 subtract	one	 from	 the	other	 (in	whichever	order	we	
prefer),	so	that	we	get	rid	of	one	of	the	variables.	

Example:	

2	*	a	+	b	=	16					–				

							a	+	b	=	10				=	

2	*	a	–	a	+	b	–	b	=	16	–	10	

a	+	0	=	6	

(This	is	because	2	*	a	–	a	=	a	and	b	–	b	=	0).	

So	now	we	know	a	=	6	we	can	substitute	that	in	to	the	equation	a	+	b	=	10	like	this:	

6	+	b	=	10	

b	=	10	–	6	

b	=	4	

	

If	 the	 parameters	 (the	 numbers	 before	 the	 variables)	 are	 different	 in	 the	 two	 equations,	we	
must	multiply	 one	 or	 both	 equations	with	 appropriate	 numbers,	 so	 that	 the	 parameters	will	
eventually	be	equal.	

	

Example:	

3	*	a	+	2	*	b	=	28				(*	2)	

2	*	a	+	b	=	16										(*	3)	

In	 the	 system	 above,	 if	 we	 want	 to	 equalize	 the	 parameter	 of	 a,	 we	 will	 multiply	 the	 first	
equation	by	2	and	the	second	one	by	3.	The	common	parameter	will	be	6.	

2	*	3	*	a	+	2	*	2	*	b	=	2	*	28	

3	*	2	*	a	+	3	*	b	=	3	*	16	

	

6	*	a	+	4	*	b	=	56	

6	*	a	+	3	*	b	=	48	
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Now	 we	 can	 apply	 the	 reduction	 method	 by	 subtracting	 one	 equation	 from	 the	 other,	 as	
explained	above.	This	will	look	like	this:	

6	*	a	+	4	*	b	=	56						–	

6	*	a	+	3	*	b	=	48	

6	*	a	–	6	*	a	+	4	*	b	–	3	*	b	=	56	–	48	

0						+												b										=						8	

b	=	8	

By	replacing	b	with	8	in	any	of	the	equations	in	the	system,	we	can	discover	a:	

2	*	a	+	b	=	16	

2	*	a	+	8	=	16	

2	*	a	=	16	–	8	

2	*	a	=	b	

a	=	4	
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FRACTIONS	

Fractional	 numbers	 are	 governed	 by	 a	 series	 of	 principles,	 and	 if	 we	 want	 to	 use	 them	 in	
calculations	we	have	to	follow	their	rules.	

If	we	need	to	add	or	subtract	two	fractions,	they	must	have	the	same	non-zero	denominator.	If	
they	don’t,	we	can	amplify	one	or	each	of	the	fractions	(i.e.,	multiply	both	the	numerator	and	
the	 denominator	 with	 an	 appropriate	 number),	 so	 that	 eventually	 they	 will	 have	 the	 same	
denominator.	

Examples:	

1/3	+	4/3	=	5/3	

1/3	+	3/2	=	1/3*	2	+	3/2*	3	=	2/6	+	9/6	=	11/6	

	

When	we	multiply	two	fractions,	we	multiply	numerators	by	numerators	and	denominators	by	
denominators.	The	same	stands	for	division.	

Example:	

1/2	*	3/4	=	(1	*	3)	/	(2	*	4)	=	3/8	

Also,	 if	we	want	 to	work	with	smaller	numbers,	we	can	reduce	 fractions	by	dividing	both	the	
numerator	and	the	denominator	by	a	common	divisor.	

Example:	

20/100	=	(20	:	20)	/	(100	:	20)	=	1/5	

In	 this	 example,	 we	 reduced	 the	 original	 fraction	 by	 20,	 because	 20	 is	 the	 biggest	 common	
divisor	of	20	and	100.	Other	common	divisors	would	have	been	2,	4,	5	or	10.	
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SQUARE	ROOTS	

A	square	root	is	a	number	which,	multiplied	by	itself,	results	 in	a	perfect	square.	So,	 if	a2	=	b,	
then	we	say	that	a	is	the	square	root	of	b,	so	a	=	 b.	

While	any	number	has	a	square	(i.e.	it	can	be	raised	to	the	second	power),	not	all	numbers	have	
integer	roots.	Only	perfect	squares	do,	like	16	=	42,	100	=	102,	etc.	Numbers	that	do	not	have	an	
integer	or	finite	fractional	root	are	called	irrational	numbers.	

If	we	try	to	extract	the	root	of	these	numbers,	we	will	obtain	numbers	with	 infinite	decimals.	
Therefore,	it	is	better	to	work	with	them	in	this	form,	using	the	radical	sign.	

We	 cannot	 add	 or	 subtract	 two	 such	 numbers.	
However,	we	can	multiply	or	divide	them.	

Example:	

2	*	 2	=	 2 ∗ 2	=	 4	

2	*	 3	=	 2 ∗ 3	=	 6	

10	/	 2	=	 10 / 2	=	 5	

	

If	we	want	to	determine	whether	a	certain	number	has	a	root,	and	whether	that	root	is	integer	
or	not,	we	can	decompose	that	number	by	repeated	division.	

For	instance,	if	we	want	to	determine	the	root	of	576,	we	start	dividing	it	by	its	integer	divisors:	

576	/	2	=	288	

288	/	2	=	144	

144	/	2	=	72	

72	/	2	=	36	

36	/	2	=	18	

18	/	2	=	9	

9	/	3	=	3	

3	/	3	=	1	

Now,	for	each	string	of	equal	divisors,	we	keep	half	of	them.	We	divided	the	number	by	2	six	
times,	so	we	only	keep	2	three	times	(2	*	2	*	2	=	23).	We	divided	by	3	twice,	so	we	only	keep	
one	3	(31).	The	root	will	be	2	*	2	*	2	*	3	=	24.	

Examples	 of	 irrational	
numbers:	

	 𝟐,	 𝟑,	 2 𝟓,	 1.(6),	
2.1(6),	π,	etc.		
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If	the	divisor	appears	an	odd	number	of	times,	then	the	unmatched	number	will	remain	under	
the	radical.	

Example:		

Let’s	calculate	the	root	of	20.	

20	/	2	=	10	

10	/	2	=	5	

5	/	5	=	1	

Number	2	appears	twice,	so	we	take	it	into	account	once.	Number	5	appears	once,	so	it	remains	
under	the	radical.	Therefore,	 20=	2 5.	

In	order	to	find	divisors	quickly,	we	must	bear	in	mind	certain	divisibility	criteria.	

	

	

A	number	can	be	divided:	

-	by	2	if	its	last	figure	is	even;	ex:	16,	70,	318.	

-	by	3	if	the	sum	of	its	figures	can	be	divided	by	3;	ex:	111	(because	1	+	
1	+	1	=	3),	270	(because	2	+	7	+	0	=	9)	etc.	

-	by	4	if	the	number	formed	by	the	last	two	figures	can	be	divided	by	4;	
ex:	340	(because	40	/	4	=	10),	516	(because	16	/	4	=	4)	etc.	

-	by	5	if	the	number	ends	in	either	0	or	5;	example:	85,	100	etc.	

-	by	10	if	the	number	ends	in	0;	example:	1760,	1010	etc.	


